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ABSTRACT 



A compressed bit stream converter is utilized for converting 
the video signal parameter bit stream representations of a 
video signal that are encoded using the temporal and spatial 
resolution characteristics of a first video transmission stan- 
dard to the video signal parameter bit stream representations 
of the video signal that are encoded using the temporal and 
spatial resolution characteristics of a second video transmis- 
sion standard The representation of the video signal remains 
in compressed form and is not converted back into video 
signal form using a video encoder during the conversion 
between the compressed bit streams encoded using the first 
and second video transmission standard. 
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METHOD AND APPARATUS FOR 
CONVERSION OF COMPRESSED BIT 
STREAM REPRESENTATION OF VIDEO 
SIGNAL 

5 

HELD OF THE INVENTION 

This invention relates generally to the transmission of 
video images. More particularly, the present invention 
relates to a method and apparatus for converting a com- 10 
pressed bit stream representation of a video signal encoded 
using a first video transmission standard to a compressed bit 
stream representation of the video signal encoded using a 
second video transmission standard. 

15 

BACKGROUND OF THE INVENTION 

Video signals are transmitted between a video transmis- 
sion source and a video receiving unit in a video intercom- 
munication system as a representative stream of digital data 20 
bits known as a compressed or encoded bit stream. A video 
encoder in the transmission source is utilized for encoding a 
video signal using a specified video transmission standard 
The video transmission standard defines the spatial and 
temporal resolution, such as the image resolution and the 25 
image frame rate, respectively, used for encoding a. video 
signal. A video decoder in the receiving unit decodes or 
decompresses the compressed bit stream back into video 
signal form. 

30 

Advances in video transmission technology have led to 
the development of video encoding and video decoding 
equipment which may be configured to operate using a 
variety of video transmission standards. The video receiving 
equipment which includes a video decoder, however, can 35 
only decode a compressed bit stream that it receives which 
is encoded using the same video transmission standard as 
that which the video decoder is configured to perform 
decoding. The high likelihood that video signals encoded 
using a first video transmission standard will be received at 4Q 
video decoding equipment configured to operate using a 
video transmission standard other than the first video trans- 
mission standard establishes a need for an economical and 
efficient method for converting a first compressed bit stream 
encoded using a first video transmission standard to a second 45 
compressed bit stream encoded using a second video trans- 
mission standard. 

A standard approach is to convert a first compressed bit 
stream back to video signal form, and then to utilize an 
additional video encoder, which is configured to encode 50 
video signals using the second video transmission standard, 
as part of the video decoding equipment, for converting the 
video signal to a second compressed bit stream. The use of 
the additional video encoder, however, enormously 
increases the cost of the video decoding equipment, such as 55 
a television set, that includes the video decoder utilized for 
displaying a video signal. The additional video encoder also 
increases the cost of video transmissions in terms of pro- 
cessing time. 

Further, the use of a video encoder for converting between 60 
compressed bit streams encoded at different video transmis- 
sion standards fails to compensate efficiently for possible 
differences in the encoded parameters of a video signal 
which are a function of the video transmission standard. For 
instance, a high image resolution video encoder cannot 65 
compensate for the fact that the video signal it is re- 
compressing may have been initially encoded by a video 



2 

encoder configured to operate using a video transmission 
standard having a lower image resolution. 

SUMMARY OF THE INVENTION 

The present invention provides a method and apparatus 
for the conversion of a compressed bit stream representation 
of a video signal that is encoded using a first video trans- 
mission standard to a compressed bit stream representation 
of the video signal that is encoded using a second video 
transmission standard without decompressing the com- 
pressed bit stream into video signal form. 

In one embodiment, the method and apparatus of this 
invention comprises as a first step of receiving in a synchro- 
nizer circuit a first compressed bit stream representative of 
a plurality of moving video image frames that is comprised 
of a plurality of entropy encoded video signal parameter bit 
streams and is encoded using a first video transmission 
standard. The synchronizer then identifies which bits in the 
first compressed bit stream represent each moving video 
image frame. An entropy decoder/video signal parameter 
extracter circuit then extracts the plurality of entropy 
encoded video signal parameter bit streams from the first 
compressed bit stream and then entropy decodes the plural- 
ity of entropy encoded video signal parameter bit streams. A 
parameter rate controller circuit converts the plurality of 
video signal parameter bit streams that is encoded using the 
first video transmission standard to a plurality of video 
signal parameter bit streams that is encoded using a second 
video transmission standard. An entropy encoder/video sig- 
nal parameter synthesizer circuit entropy encodes the con- 
verted plurality of video signal parameter bit streams and 
then multiplexes the entropy coded converted plurality of 
video signal parameter bit streams to provide a second 
compressed bit stream encoded using the second video 
transmission standard. 

In a further embodiment, a dequantizer circuit removes 
quantization from a video signal parameter bit stream that is 
comprised of a discrete cosine transform (DCT) coefficients 
prior to conversion, and a quantizer circuit then quantizes 
the converted DCT coefficients prior to entropy encoding 
and multiplexing. 

The conversion may be performed by using either inter- 
polation or decimation techniques, depending on the spatial 
and temporal resolution characteristics, such as the image 
frame rate or image resolution, of the first video transmis- 
sion standard and the second video transmission standard. 

Other features and advantages of the present invention 
will be readily apparent from the detailed description that 
follows. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a video intercommunication 
system utilizing a compressed bit stream converter accord- 
ing to the present invention. 

FIG. 2 illustrates a DCT image frame. 

FIG. 3 illustrates a compressed bit stream converter 
suitable for use in the system of FIG. 1. 

FIG. 4 is a flow diagram of a method of conversion of a 
compressed bit stream according to the present invention. 

FIG, 5 is a series of transmitted moving video image 
frames that are represented using DCT coefficient bit stream. 

FIG. 6 illustrates the operation of the compressed bit 
stream converter on the DCT coefficient bit stream repre- 
sentations of the transmitted moving video image frames 
that are shown in FIG. 5. 
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DETAILED DESCRIPTION 

A video intercommunication system 5 is shown in FIG. 1. 
The system 5 generally comprises a video transmission 
terminal 200, a video reception terminal 250 and a com- 
pressed bit stream converter 10. The converter 10 is 5 
described in greater detail below with reference to FIG. 3, 
after a description is provided of how a video signal repre- 
sentation of moving video image frames is processed for 
transmission in compressed form in a video intercommuni- 
cation system. 10 

The transmission terminal 200 may suitably comprise an 
image digitizer 150 connected to a video encoder 160. A 
transmission channel 170 connects the video encoder 160 to 
an input 15 of the converter 10. 

The reception terminal 250 may suitably comprise a video 15 
decoder 190 and a video display monitor 195. The video 
decoder 190 is connected to the video display monitor 195. 
A reception channel 180 connects an output 105 of the 
converter 10 to the. video decoder 190. 

The image digitizer 150 initially stores a spatial repre- 20 
sentation of the light energy intensity variations of a moving 
video image frame as an nxm matrix of picture elements or 
pixels, where n is defined as the number of picture lines per 
image frame and m is defined as the number of pixels per 
picture line. The specific values of n and m are not important 25 
for purposes of describing this invention, and may be any 
suitable value, such as 640 and 480, respectively. The image 
digitizer 150 then converts the representation of the light 
energy intensity information in each pixel of an image frame 
to digital form. 30 

The digital representations of the light energy intensities 
of all the pixels for each of a series of consecutively stored 
moving video image frames are then transmitted by the 
image digitizer 150 to the video encoder 160 as a video 
signal using conventional techniques. The image digitizer 35 
150 of the transmission terminal 200 to be used in conjunc- 
tion with the present invention of the converter 10 may 
suitably comprise any device which provides to the video 
encoder 160 a video signal which is comprised of a digitized 
bit stream representation of the spatial light energy intensity 
variations of moving video image frames. 

The video encoder 160 encodes the video signal it 
receives from the image digitizer 150 into a compressed 
form that comprises a plurality of video signal parameter bit 
streams. The video encoder 160 utilizes well known algo- 45 
rithms for encoding the video signal. These encoding algo- 
rithms, such as DCT, as explained below, are defined by the 
video transmission standard at which the video encoder 160 
is configured to operate. For example, the video transmis- 
sion standard may require that the DCT coefficient bit stream 5Q 
be encoded using an image frame rate of twenty-frames/sec. 
Similarly, the video transmission standard at which the video 
decoder 190 is configured to operate defines the algorithms 
used for decoding or decompressing the compressed bit 
stream it receives back into a video signal. 
- The video transmission standard at which the video 
encoder 160 is configured to operate, for purposes of 
describing this invention, is different from the video trans- 
mission standard at which the video decoder 190 in the 
reception terminal 250 is configured to operate. As described $o 
below, the converter 10 converts the compressed bit stream 
provided from the transmission terminal 200 to a converted 
compressed bit stream that is encoded using a video trans- 
mission standard that may be decoded by the video decoder 
190. 65 

For clarity and ease of reference, the video transmission 
standard at which encoding is performed at the transmission 
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terminal 200 is defined as a first video transmission standard 
The video transmission standard at which decoding is per- 
formed at the reception terminal 250 is defined as a second 
video transmission standard Also, a first compressed bit 
stream is defined as the compressed bit stream that is 
encoded at the transmission terminal 200, and a second 
compressed bit stream is defined as the compressed bit 
stream that is encoded at the reception terminal 250 by the 
converter 10. 

•According to this invention, the conversion of the first 
compressed bit stream into the second compressed bit 
stream by the converter 10 requires that the same funda- 
mental algorithms, such as the DCT, that are used for 
compressing the video signal representation of the moving 
video image frames into a plurality of video signal param- 
eter bit streams at the transmission terminal 200 also be used 
at the reception terminal 250 for decompressing the con- 
verted compressed bit stream. In other words, the transmis- 
sion terminal 200 and the reception terminal 250 must 
operate on compressed bit streams that are comprised of 
identical types of video signal parameter bit streams. The 
video transmission standards that are currently used comply 
with this operating requirement. 

By way of example, the use of the converter 10 in the 
system 5 is described with respect to a first compressed bit 
stream that is comprised of a bit stream of DCT image 
coding coefficients, a bit stream of motion compensation 
coding vectors and a bit stream of operating mode code- 
words. These techniques of compressing a video signal are 
described below in sufficient detail required for highlighting 
the aspects of this invention. For a more detailed description 
of these compression techniques, see Arun N. Netravali and 
Barry C. Haskell, Digital Pictures pp. 204-05 (1988). It is 
to be understood, however, that the video signal parameter 
bit streams described here are only exemplary of the video 
signal parameter bit streams that may be converted in 
accordance with the present invention. 

The video encoder 160 performs DCT image coding by 
converting the video signal, in other words, the digital bit 
representations of the light energy intensity of pixels in the 
spatial domain for the moving video image frames, to digital 
DCT coefficients in the frequency domain. A video signal 
representation of an image frame is partitioned into sections, 
called blocks, where each block comprises a plurality of 
pixels. DCT image coding is performed on these blocks. An 
encoded DCT image frame 260 is shown in FIG. 2. The DCT 
image frame 260 is comprised of a plurality of DCT blocks 
^Oj ... pl i x, ... q arranged in matrix form, where p is equal 
to the number of rows and q is equal to the number of 
columns of DCT blocks in the DCT image frame 260. The 
location of the DCT blocks in the encoded DCT image frame 
260 corresponds spatially to the location of those pixels in 
the blocks of the image frame that are encoded by DCT 
image encoding. In other words, a particular DCT block in 
the DCT image frame 260 has row and column indices that 
correspond spatially to the rows and columns of pixels of an 
image frame that have been encoded in the form of DCT 
coefficients. 

The DCT coefficients for the DCT blocks of the DCT 
image frame 260 are then quantized by the video encoder 
160 using conventional techniques. Quantization exploits 
the well known fact that an image, frame typically consists 
of pixels or blocks of pixels where most of the energy is 
concentrated in the low frequency range. As a result, fewer 
bits are used to quantize the lower frequency DCT coeffi- 
cients, and more bits are used to quantize the higher fre- 
quency DCT coefficients. 
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By way of example, the video encoder 160 in the system 
5 also is described as performing, using well-known tech- 
niques, motion compensation image coding on the video 
signal it receives. Motion compensation image processing 
involves the encoding of the digital bit stream representation 5 
of the spatial light energy intensities of the moving video 
image frames using DCT blocks, called differential DCT 
blocks, and motion compensation vectors. Motion compen- 
sation encoding is performed when a reference image frame 
and an incoming image frame have a high degree of corre- 10 
latioiL The motion compensation vectors and the differential 
DCT block bit streams provide sufficient data bits for 
re-constructing successively transmitted image frames using 
a reduced number of bits. 

An operating mode codeword is also generally assigned is 
by the video encoder 160. Trie operating mode codeword 
indicates the compression method selected by the video 
encoder 160 for encoding blocks of an image frame. For 
instance, the operating mode codeword may indicate that the 
video encoder may have either transmitted motion compen- 20 
sation vectors with quantized DCT coefficients of a differ- 
ential block or, instead, just the quantized DCT coefficients 
representing a block in an incoming image frame. 

Hie video encoder 160 entropy encodes and multiplexes 
the plurality of video signal parameter bit streams, including 25 
the DCT coefficient to create the first compressed bit stream. 
Entropy encoding is performed using any suitable data 
compression technique that is based upon the statistical 
occurrence of data patterns, such as Huffman coding. The 
channel 170 routes the compressed bit stream from the video 30 
encoder 160 to the converter 10. 

In the present invention, the compressed bit stream pro- 
vided by the video encoder 160 of the transmission terminal 
200 is routed via the channel 170 to the input port 15 of the 
converter 10. If the channel 170 has a low bandwidth, then 35 
the first compressed bit stream may be modulated. In such 
a system, the modulated signal must be demodulated and 
converted back into the first compressed bit stream of digital 
bits by a demodulator, not shown, prior to processing at the 
converter 10. Similarly, modulation and demodulation of the 40 
second compressed bit stream output provided at output 105 
of the converter 10 may be required for transmission on the 
channel 180, depending upon the type of decoding equip- 
ment that is included at the reception terminal 250 and 
depending upon the characteristics of the channel 180. 

The converter 10 provides the second compressed bit 
stream at output 105 for routing via channel 180 to the video 
decoder 190 of the reception terminal 250. The video 
decoder 190 decompresses the second compressed bit 5Q 
stream using techniques well known in the art, and provides 
a video signal to the video display monitor 195 from which 
the transmitted moving video images may be re-constructed. 

The video decoder 190 is comprised of any suitable 
component that decompresses the compressed bit stream it 55 
receives into a video signal. The display monitor 195 
suitably comprises any video display device, such as a 
television set, that is used for displaying video signals. 

One embodiment of the converter 10 is shown in FIG. 3. 
The converter 10 is comprised of a plurality of intercon- 60 
nected circuits that is suitably implemented as a hardwired, 
circuit The hardwired circuit may, for example, be inte- 
grated on a very large scale integrated (VLSI) semiconduc- 
tor chip. The standard components required for operating the 
circuits of the converter 10, such as, for example, a power 65 
supply, are not shown in FIG. 3 because they are well known 
in tie art 
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Hie converter 10 provides for the conversion of a first 
compressed bit stream encoded using a first video transmis- 
sion standard to a second compressed bit stream encoded 
using a second video transmission standard without at any 
time converting the first compressed bit stream back to video 
signal form. Therefore, an additional video encoder, which 
is sometimes utilized for performing a conversion between 
compressed bit streams encoded at different video transmis- 
sion standards, is not required to be included as part of the 
video decoding equipment at the reception terminal 250 
according to the present invention. This results in significant 
cost savings because motion compensation coding circuits 
and circuits for conversion from the spatial image represen- 
tations to DCT coefficients are not utilized. Further, a video 
decoder for converting DCT coefficients encoded using the 
first video transmission standard back to spatial image 
representations, in other words, video signal form, is like- 
wise not required. 

The circuits of the converter 10 comprise a synchronizer 
20, an entropy decoder/video signal parameter extractor or 
ED/VSPE 30, a DCT dequantizer 50, a video signal param- 
eter bit stream rate controller or parameter rate controller 60, 
a DCT quantizer 70, and an entropy encoder/video signal 
parameter synthesizer or EE/VSPS 90. 

The synchronizer 20 is connected to the input port 15 of 
the converter 10 and an input port 35 of the ED/VSPE 30. 
The ED/VSPE 30 is further comprised of an output port 31 
that is connected to the DCT dequantizer 50, and an output 
port 32 and an output port 33 which are connected, respec- 
tively, to an input port 62 and an input port 63 of the 
parameter rate controller 60. The DCT dequantizer 50 is 
connected to an input port 61 of the parameter rate controller 
60. The parameter rate controller 60 is further comprised of 
an output port 64 that is connected to the DCT quantizer 70, 
and an output port 65 and an output port 66 which are 
connected, respectively, to an input port 92 and an input port 
93 of the EE/VSPS 90. The DCT quantizer 70 is connected 
to an input port 91 of the EE/VSPS 90. An output port 95 of 
the EE/VSPS 90 provides the compressed bit stream at the 
output port 105 of the converter 10. 

It is to be understood that the ED/VSPE 30 and the 
EE/VSPS 90 are exemplary of well-known circuits which 
may be utilized in conjunction with the parameter rate 
controller 60 for.purposes of this invention. For example, the 
ED/VSPE 30 may be comprised of additional bit stream 
output ports and the EE/VSPS 90 may be comprised of 
additional bit stream input ports, respectively, depending on 
the number of video signal parameter bit streams used for 
encoding a video signal in compressed form using a par- 
ticular video transmission standard. The parameter rate 
controller 60 is also an exemplary circuit, and may comprise 
additional video signal parameter bit stream input ports and 
video signal parameter bit stream output ports, similarly 
depending on the video transmission standard used for 
encoding a video signal as the first compressed bit stream. 

The process performed by the circuits in the converter 10 
is described with reference to steps 410 through 460 of a 
conversion process 400, shown in FIG. 4. Trie process 400 
generally explains how the first compressed bit stream, 
which is comprised of DCT coefficients, motion compensa- 
tion vectors and an operating mode codeword, is converted 
at the converter 10. By way of example, the conversion of 
the encoded DCT coefficient bits with respect to differences 
in image frame rate between the first and second video 
transmission standard is described in greater detail below. It 
is to be understood, however, that the conversion may also 
be performed with respect to image resolution and other 
spatial and temporal image resolution parameters. 
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In step 410, the synchronizer 20 receives the first com- 
pressed bit stream encoded at the first video transmission 
standard from input 15 of the converter 10. The synchronizer 
20 comprises a known circuit for providing a series of 
synchronization signals for identifying the start of the stream 5 
of bits representing an individual image frame. Synchroni- 
zation is required because entropy encoding may vary the 
number of bits which are transmitted to represent an image 
frame. After identifying the bits that represent each succes- 
sively transmitted image frame, the synchronizer 20 routes 10 
the series of synchronization signals along with the first 
compressed bit stream to the input port 35 of the ED/VSPE 
30. 

In step 420, the ED/VSPE 30 uses suitable entropy 
decoding tables, which are well known in the art, for 15 
extracting the plurality of entropy encoded video signal 
parameters from the compressed bit stream, and then 
entropy decoding the extracted entropy encoded video signal 
parameters. For instance, in the system 5, the ED/VSPE 30 
uses the entropy decoding tables compatible with the first 20 
video transmission standard to extract the entropy encoded 
bit streams of quantized DCT coefficients, motion compen- 
sation vectors and operation mode codewords from the first 
compressed bit stream, and then to entropy decode these 
extracted video signal parameter bit streams. 25 

In the system 5, the ED/VSPE 30 provides at the output 
31 the bit stream of quantized DCT coefficients for further 
transmission to the DCT dequantizer 50. Bit streams of 
motion compensation vectors and operating mode code- 
words are provided at the output port 32 and the output port 30 
33 of the ED/VSPE 30, respectively, for transmission to the 
input port 62 and the input port 63 of the parameter rate 
controller 60. It is noted that in systems not employing 
motion compensation, the motion vector information is not 
required. 35 

In step 430, the DCT dequantizer 50 removes the quan- 
tization from the bit stream of quantized DCT coefficients 
using well known techniques. The resulting bit stream of 
DCT coefficients is then transmitted to the input 61 of the ^ 
parameter rate controller 60. 

In step 440, the parameter rate controller 60 converts the 
plurality of video signal parameter bit streams it receives, 
which are encoded using the first video transmission, to a 
plurality of video signal parameter bit streams which are 45 
encoded using the second video transmission standard. The 
conversion at the parameter rate controller 60 is suitably 
performed using conventional interpolation or decimation 
techniques. The circuit of the parameter rate controller 60 is 
suitably modifiable using well known techniques according 50 
to the parameters of the first and second video transmission 
standard for which the conversion is performed. In the 
system 5, the parameter rate controller 60 converts the bit 
stream of DCT coefficients, the bit stream of motion com- 
pensation vectors and the bit stream operating mode code- 55 
words, all encoded using the first video transmission stan- 
dard, to a plurality of respective video signal parameter bit 
streams encoded using the second video transmission stan- 
dard. 

For purposes of this description, the first video transmis- 60 
sion standard in the system 5 uses a lower bandwidth than 
the second video transmission standard. For example, the 
temporal resolution or the image frame rate at which the first 
compressed bit stream is encoded is less than that used for 
encoding the second compressed bit stream. Therefore, 65 
suitable interpolation techniques are used during the con- 
version at the parameter rate controller 60 for calculating the 
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additional data bits that must be inserted, into the video 
signal parameter bit stream representation of the video 
signal that is encoded using the first video transmission 
standard. The video signal parameter bit stream representa- 
tion encoded using the first video transmission standard is 
coupled accordingly with these additionally calculated bits 
for providing the video signal parameter bit stream repre- 
sentation that is encoded using the second video transmis- 
sion standard. 

The conversion of the video signal parameter bit stream of 
DCT coefficients that is encoded using the first video trans- 
mission standard to the video signal parameter bit stream of 
DCT coefficients that is encoded using the second video 
transmission standard is now explained with reference to 
FIGS. 5 and 6 to highlight the advantages of this invention. 
For purposes of clarity, the conversion of DCT coefficients 
is explained only with reference to the DCT coefficient, 
representation of spatially corresponding DCT blocks of the 
image frames. 

FIG. 5 shows the DCT coefficient video signal parameter 
representations of the video signal as a series of DCT image 
frames 310,, 310 2 , . . . 310^, which are respectively 
comprised of a plurality of blocks of DCT coefficients 300! , 
300 2 , . . . 300 M . These DCT image frames 310,, 310 2 , . . . 
310^ represent an encoded version of the video signal 
representation of a series of consecutive moving video 
image frames that were digitized at the transmission termi- 
nal 200. The plurality of blocks of DCT coefficients 300,, 
300 2 , . . . 300^ comprise a part of the DCT coefficient bit 
stream for the DCT image frames 310j, 310 2 , . . . 310 M . 

The plurality of blocks of DCT coefficients 300,, 300 2 , . 
. . 300^ represent the encoded regions in a consecutive 
series of digitized image frames having the same spatial 
coordinates. By way of example, the spatial coordinates 
encoded in the DCT blocks 300,, 300 2 , . . . 300^ are those 
corresponding to the upper left-most corner region of the 
digitized image frames. Consequently, FIG. 5 shows the 
DCT blocks 300,, 300 2 , . . . 300 M as those DCT blocks 
located, respectively, in the upper left-most corner of the 
DCT image frames 310j, 310 2 , . . . 310 M . 

The parameter rate controller 60 may suitably use linear 
interpolation techniques for converting the DCT coefficient 
bit stream between different video transmission standards. 
The use of linear interpolation is chosen to demonstrate 
clearly how the parameter rate controller 60 converts 
between different video transmission standards, however, 
any interpolation technique may be used. 

The linear interpolation equation: Par ; _^=(l-J/N) Par 0J + 
Par lr/ (J/N), is used here for calculating the additional DCT 
coefficient bits that must be inserted into the DCT coefficient 
video signal parameter bit stream. The variable Pax 0J is the 
video signal parameter bit stream representation for a block 
of a reference image frame encoded using the first video 
transmission standard. The variable Par, j is the video signal 
parameter bit stream representation of a block of an incom- 
ing image frame encoded using the first video transmission 
standard that spatially corresponds to the block represented 
by Par 0 ^. Hie variable I in equation designates the particular 
video signal parameter being converted, in other words, it 
designates the video signal parameter for which additional 
bits are being calculated. The variable N is a function of the 
difference between the image frame rate used for encoding 
a video signal using the first video transmission standard and 
the image frame rate used for encoding a video signal using 
the second video transmission standard. For example, if the 
image frame rate for the first video transmission standard is 
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equal to twenty frames/sec and the image frame rate for the 
second video transmission standard is equal to forty frames/ 
sec, N is equal to two. J is a variable that defines the number 
of times that the linear interpolation equation is performed. 
The equation is performed N+l times for the values of J 5 
equal to 0,1, ... N. The N+l consecutively calculated DCT 
coefficients comprise all the DCT coefficients that comprise 
the video signal parameter bit stream representation for the 
reference and incoming image frame as encoded using the 
second video transmission standard. Similar calculations 
may suitably be performed for all other DCT blocks in the 
reference and incoming image frame, and also similarly for 
all DCT blocks in successive DCT image frames. 

A typical DCT coefficient interpolation is now described 
for the DCT blocks 300j and 300 2 of the DCT image frames 
310^ and 310 2 , which, by way of example, comprise a 
reference and incoming image frame, respectively. Assume 
that the image frame rate for encoding DCT coefficients 
using the first video transmission standard is 20 frames/sec, 
and the image frame rate for encoding DCT coefficients 
using the second video transmission standard is 40 frames/ 20 
sec. Par 0 ^ would represent the DCT coefficients for the DCT 
block 300! , and Par lv would represent the DCT coefficients 
for the DCT block 300 2 . Since N would be equal to 2, 
additional bits Pari j would be calculated according to the 
linear interpolation equation using well known techniques to 25 
represent a DCT block 300^ of a DCT image frame 310*. 
The DCT coefficients for the DCT block 300* of the DCT 
image frame block 310* would accordingly be inserted into 
the DCT coefficient bit stream encoded using the first video 
transmission standard to provide the DCT coefficient bit 30 
stream encoded using the second video transmission stan- 
dard that represents this spatial region of the reference and 
incorning image frames. FIG. 6 shows the DCT image frame 
310* as it would be inserted between the DCT image frames 
310, and 310 2 , with the DCT coefficients representing the 35 
image frame 310* inserted accordingly. The DCT coeffi- 
cients for all other DCT blocks in the image frame 310* 
would also be calculated in a similar fashion. 

The DCT coefficients calculated for this block of the 
image frame 310*, as well as the result of similar calcula- 
tions for other blocks for the image frame 310*, would 
comprise the bit stream of DCT coefficients that is encoded 
using the second video transmission standard. In addition, 
the motion compensation vectors in the first compressed bit 45 
stream may be interpolated by similar interpolation tech- 
niques to obtain a bit stream of motion compensation vectors 
encoded using the second video transmission standard. Also, 
the parameter rate controller 60 suitably converts the oper- 
ating mode codeword bit stream for the first compressed bit 5(J 
stream to one that suitably corresponds to the converted bit 
stream. 

Alternatively, the parameter rate controller 60 may be 
suitably utilized to decimate a compressed bit stream by 
converting a compressed bit stream representation that is 55 
encoded using an image frame rate characteristic of a first 
video transmission standard that is higher than the image 
frame rate characteristic of a second video transmission 
standard. 

The converted bit streams of DCT coefficients, motion 60 
compensation vectors and operation mode codewords are 
provided at the outputs 64, 65 and 66 of the parameter rate 
controller 60, respectively. In step 450, the converted DCT 
coefficients, as routed from the output port 64 of the param- 
eter rate controller 60, are quantized by the DCT quantizer 65 
70. The DCT quantizer 70 is a conventional circuit that 
quantizes the DCT coefficients according to the second 
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video transmission standard. Then, the converted quantized 
DCT coefficients are transmitted to the input 91 of the 
EE/VSPS 90. 

The converted bit streams of motion compensation vec- 
tors and operation mode codewords are routed, respectively, 
from the output 65 and the output 66 of the parameter rate 
controller 60 to the input 92 and the input 93 of the EE/VSPS 
90. In step 460, the EE/VSPS 90 entropy encodes and then 
multiplexes the converted plurality of video signal param- 
eter bit streams into the second compressed bit stream. The 
second compressed bit stream is routed from output port 105 
of the converter 10 to the reception terminal 250 via the 
channel 180. The second compressed bit stream provided at 
the output 105 is, at this point, encoded using the second 
video transmission standard. The second compressed bit 
stream is decoded into the video signal by the video decoder 
190. The video signal is then suitably displayed using the 
video display monitor 195. 

In an alternative embodiment, all or some of the functions 
of the converter 10 described above may be suitably imple- 
mented in software by a conventional microprocessor. 

It is to be understood that the embodiments and variations 
shown and described above are illustrative of the principles 
of this invention only and that various modifications may be 
implemented by those skilled in the art without departing 
from the scope and spirit of the invention. 

I claim: 

1. A method for converting a first compressed bit stream 
representation of a video signal that is encoded using a first 
video transmission standard to a second compressed bit 
stream representation of the video signal that is encoded 
using a second video transmission standard, comprising the 
steps of: 

receiving the first compressed bit stream, 

wherein said first compressed bit stream is comprised 
of a plurality of entropy encoded bits that is encoded 
using the first video transmission standard; 
identifying a plurality of bits in the first compressed bit 

stream which comprise a reference and an incoming 

image frame; 
entropy decoding the plurality of bits; 
converting the plurality of bits to a plurality of bits 

encoded using the second video transmission standard; 

and, 

entropy encoding the converted plurality of bits to form 
the second compressed bit stream representation of the 
reference and the image frame. 

2. The method of claim 1, wherein the plurality of bits is 
comprised of a plurality of motion compensation vector bits. 

3. The method of claim 1, wherein the conversion is 
performed with respect to the difference between the image 
frame rate encoded using the first video transmission stan- 
dard and the second video transmission standard. 

4. The method of claim 1, wherein the conversion is 
performed with respect to the difference between the image 
frame resolution encoded using the first video transmission 
standard and the second video transmission standard. 

5. The method of claim 1, wherein the conversion is 
performed by interpolation. 

6. The method of claim 1, wherein the conversion is 
performed by decimation. 

7. A method for converting a first compressed bit stream 
representation of a video signal that is encoded using a first 
video transmission standard to a second compressed bit 
stream representation of the video signal that is encoded 
using a second video transmission standard comprising the 
steps of: 
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receiving the first compressed bit stream, 
wherein said video signal is comprised of a digital bit 
. representation of a plurality of transmitted moving 
video image frames, and 
wherein said first compressed bit stream is comprised 5 
of a plurality of bit streams that is comprised of a 
plurality of entropy encoded bits, respectively, and 
encoded using the first video transmission standard, 
said plurality of bit streams being representative of 
the digital bit representation of the plurality of trans- 10 
mitted moving video image frames; 
identifying a plurality of bits in the respective plurality of 
bit streams which comprise a reference and an incom- 
ing image frame; 
extracting from the first compressed bit stream and then 15 
entropy decoding the plurality of bits in the respective 
plurality of bit streams; 
converting the plurality of bits in the respective plurality 
of bit streams, to a plurality of bits in a respective ^ 
plurality of bit streams that is encoded using the second 
video transmission standard; and, 
entropy encoding and then multiplexing the converted 
plurality of bits in the respective plurality of bit streams 
to provide the second compressed bit stream represen- 25 
tation of the reference and image frame. 

8. The method of claim 7, wherein the first compressed bit 
stream is comprised, in part, of a bit stream of a plurality of 
entropy encoded quantized DCT coefficients and wherein 
the method of claim 1 further comprises the steps of: 30 

removing quantization from the plurality of quantized 

DCT coefficients after the step of entropy decoding and 

before the step of converting; and, 
quantizing the converted plurality of DCT coefficients 

after the step of converting and before the step of 35 

entropy encoding. 

9. The method of claim 8, wherein the conversion is 
performed with respect to the difference between the image 
frame rate encoded using the first video transmission stan- . 
dard and the second video transmission standard. 40 

10. Hie method of claim 8, wherein the conversion is 
performed with respect to the difference between the image 
frame resolution encoded using the first video transmission 
standard and the second video transmission standard. 

U. The method of claim 8, wherein the conversion is 45 
performed by interpolation. 

12. The method of claim 8, wherein the conversion is 
performed by decimation. 

13. The method of claim 7, wherein the first compressed 
bit stream is comprised, in part, of a bit stream of a plurality 50 
of entropy coded motion compensation vector bits. 

14. The . method of claim 7, wherein the first compressed 
bit stream is comprised, in part, of a bit stream of a plurality 
of entropy coded operating mode codeword bits. 

15. An apparatus for converting a first compressed bit 55 
stream representation of a video signal that is encoded using 

a first video transmission standard to a second compressed 
bit stream representation of the video signal that is encoded 
using a second video transmission standard comprising: 
a synchronizer circuit for receiving the first compressed 60 
bit stream, 

wherein said video signal is comprised of a digital bit 
representation of a plurality of transmitted moving 
video image frames, and 
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wherein said first compressed bit stream is comprised 
of a plurality of bit streams that is comprised of a 
plurality of entropy encoded bits, respectively, and 
encoded using the first video transmission standard, 
said plurality of bit streams being representative of 
the digital bit representation of the plurality of trans- 
mitted moving video image frames, 
said synchronizer circuit identifying a plurality of bits in 
the respective plurality of bit streams which comprise 
a reference and an incoming image frame; 
an entropy decoder/video signal parameter extractor (ED/ 
VSPE) circuit for extracting from the first compressed 
bit stream and then entropy decoding the plurality of 
bits in the respective plurality of bit streams; 
a parameter rate controller circuit for converting the 
plurality of bits in the respective plurality of bit streams 
to a plurality of bits in a respective plurality of bit 
streams that is encoded using the second video trans- 
mission standard; and, 

an entropy encoder/video signal parameter synthesizer 
(EE/VSPS) circuit for entropy encoding and then mul- 
tiplexing the converted plurality of bits in the respec- . 
tive plurality of bit streams to provide the second 
compressed bit stream representation of the reference 
and incoming image frame. 

16. The apparatus of claim 15, wherein the first com- 
pressed bit stream is comprised, in part, of a bit stream of a 
plurality of entropy encoded quantized DCT coefficients and 
wherein the apparatus further comprises: 

a DCT dequantization circuit for removing quantization 
from the plurality of quantized DCT coefficients that is 
entropy decoded by the ED/VSPE circuit; and, 

a DCT quantization circuit for quantizing the converted 
plurality of DCT coefficients mat is encoded using the 
second video transmission standard by the parameter 
rate controller circuit means. 

17. The apparatus of claim 16, wherein the conversion is 
performed with respect to the difference between the image 
frame rate encoded using the first video transmission stan- 
dard and the second video transmission standard. 

18. The apparatus of claim 16, wherein the conversion is 
performed with respect to the difference between the image 
frame resolution encoded using the first video transmission 
standard and the second video transmission standard. 

19. The apparatus of claim 15, wherein the conversion is 
performed by interpolation. 

20. The apparatus of claim 15, wherein the conversion is 
performed by decimation. 

21. The apparatus of claim 15, wherein the synchronizer 
circuit, the ED/VSPE circuit, the parameter rate controller 
circuit, the EE/VSPS circuit, the DCT dequantization circuit 
and the DCT quantization circuit are all integrated on a 
semiconductor chip. 

22. The apparatus of claim 15, wherein a microprocessor 
executes an algorithm from a software code to implement 
the functions of the synchronizer circuit, the ED/VSPE 
circuit, the parameter rate controller circuit, the EE/VSPS 
circuit, the DCT dequantization circuit and the DCT quan- 
tization circuit. 

***** 
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